Three new Schiff bases bearing benzimidazole and p-toluen sulfonamide moiety were synthesized. Their structures were characterized by elemental analysis, FTIR, NMR and LCMS methods. The antimicrobial properties of the compounds were also evaluated. All compounds exhibit higher antimicrobial activity against all bacteria, Schiff bases (4a-4c) shows more activity than the parent aldehyde (3). 4c displays higher antibacterial activity against P. aeruginosa compare to reference drug Sulfioxazole. The compounds were found more potent against Gram-negative than Gram positive bacteria. One more free phenyl group increase the activity in 4c, but one more phenyl ring in 4b does not.In vitro antifungal activity of the compounds was also tested on fungi C. albicans C. tropicalis and C. krusei. However, our compounds exhibit no antifungal activity against three fungi.
INTRODUCTION
Benzimidazoles are widely used group in the pharmaceutical industry because 5,6-dimethylbenzimidazole is a component of vitamin B12. Benzimidazole derivatives exhibits a wide range of biological properties including antimicrobial, antibacterial, antitumor, anticancer, anti-inflammatory and analgesic activities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Sulfonamides interfere with the use of p-aminobenzoic acid (PABA) in the biosynthesis of tetrahydrofolic acid, which is an essential growth factor to the bacteria's metabolism [15] . Sulfonamides as artificial antifolic agents have been extensively used as antibiotic (Sulfa drugs). They are also have various pharmacological activities such as antifungal [16] , antiviral [17] , antitumor [18] , anti-inflammatory [19] . Because of drug resistance, sulfonamides mainly used for the treatment of the urinary tract and methicillin resistant bacteria infections [20] .
New antibiotics is a major global challenge in human-patogenic bacteria because of growing antibiotic resistance. In this context, some new sulfonamides having benzimidazole ring have been reported with their potential bactericidal and fungicidal agents against various bacterial and fungal resistant species [21] [22] [23] .
In order to give more benzimidazole-incorporated sulfonamide analogues, we synthesized new 2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole (3) and its three Schiff base (4a-4c) derivatives, which is not reported in literature. Their antimicrobial and antifungal activities were also tested against three Gramnegative, three Gram-positive bacteria strains and three fungi.
EXPERIMENTAL
Melting points were measured by electrothermal IA9100 melting point apparatus in capillary tubes. The starting temperature of the approximate melting range was input via the keyboard and the melting point range was spotted visually. Elemental analyses for C, H and N were carried out with an LECO CHNS-932 auto elemental analyzer. FT-IR spectra were recorded on a Perkin-Elmer spectrum and KBr pellets were used for solid samples. 1 H NMR and 13 C NMR spectra were determined on Bruker AV-400 using TMS (0.00 ppm) as internal standard and DMSO-d6 as solvent.
Synthesis of the Compounds

Chloromethyl-1H-benzoimidazole (1)
1,2-Phenylenediamine (0.5 g, 4.63 mmol) was dissolved in 5 M HCl solution, then chloroacetic acid (0.51 g, 4.63 mmol) was added. The resulting mixture was refluxed for 15 hours at room temperature. pH of the solution was adjusted to 7.10 by adding concentrated ammonia, then yellow product was precipitated. Solid product was filtered, washed three times with distilled water, dried and crystallized in a mixture of ethyl alcohol and water. yield 80%, e.n. 146-147 C, [24] .
2-chloromethyl-1-(4-methylbenzene-sulfonyl) benzimidazole (2)
2-Chloromethyl-1H-benzoimidazole (1 g, 5.98 mmol) was dissolved in acetonitrile and triethylamine (0.97 g, 9.54 mmol) was added. The resulting mixture was poured into a salt-ice bath, than p-toluenesulfonyl chloride (1.57 g, 8.27 mmol) was added portion wise over 3 hours to the reaction medium. The mixture was stirred in a salt-ice bath for 4 hours. At the end of the reaction, the mixture was filtered and evaporated. The obtained solid was dissolved in ethyl alcohol and column chromatography was carried out in a 1: 5 ethylacetatepetroleum ether medium to obtain a substance with 80% yield; m.p 144-145 °C [25] .
2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole (3)
2-chloromethyl-1-(4-methylbenzene-sulfonyl) benzimidazole (0.5 g, 1.56 mmol) and 2-hydroxy benzaldehyde compound (0.19 g, 1.56 mmol) dissolved in acetonitrile were added K2CO3 (2.15 g, 15.55 mmol) and KI (0.65 g, 3.92 mmol) were added. The resulting reaction mixture was stirred at room temperature for 5 days, then poured into saturated NaHCO3 solution and extracted 3 times with chloroform. The resulting organic phase was Na2SO4, then filtered and evaporated. The yellow 2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole compound was obtained. 
2-((2-((1-tosyl-1-H-benzo[d]imidazol-2-yl)methoxy)benzylidene)amino) phenol (4a)
2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole compound was dissolved in ethyl alcohol (0.25 g, 0.61 mmol) and 2-amino-phenol (0.067 g, 0.61 mmol) was added. The reaction mixture was boiled under reflux for 24 hours then evaporated to give yellow 1H-benzimidazole 13 2-((1-tosyl-1-H-benzo[d] imidazol-2-yl)methoxy)napthylidene)amino) phenol (4b)
2-((
The compound was dissolved 2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole (0.25 g, 0.61 mmol) in ethyl alcohol and 3-amino-2-naphthol (0.096 g, 0.61 mmol) was added to the solution. 
1,2-diphenyl-2-((2-((1-tosyl-1-H-benzo[d]imidazol-2-yl)methoxy) napthylidene)amino)phenol (4c)
2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole compound was dissolved in ethyl alcohol (0.25 g, 0.61 mmol) and 2-Amino-1,2-diphenylethanol (0.13 g, 0.61 mmol) was added. 
Antimicrobial activity Assay
The antibacterial activity of the compounds was performed against American Type Culture Collection (ATCC) reference bacterial strain Salmonella typhimurium ATCC 14028, Staphylococcus aureus ATCC 25923 Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 25922, Klebsiella pneumonia ATCC 27853, Pseudomonas aeruginosa ATCC 27853 cultures.
The compounds were dissolved in dimethylsulfoxide (10%DMSO) to a final concentration of 8.0 mg mL -1 and sterilized by filtration with 0.45 mm millipore filters.
The minimum inhibitory concentration (MIC) values of the compounds were determined using modification of the micro well dilution assay method. 100 mL of the test compounds, initially prepared at 4000 mg/mL concentration, were added into the first wells. Then, 100 mL of the serial dilutions was transferred into nine consecutive wells. The contents of the wells were mixed and the micro plates were incubated at 37 C for 24 h.
The compounds were tested against each microorganism twice. The values obtained are average of the two results. The MIC values were determined from visual examinations as the lowest concentration of the extracts in the wells with no bacterial growth. Sulfisoxazole were used as positive control.
Antimicrobial tests were also carried out by the disc diffusion method using 100 mL of suspension containing 10 8 CFUmL -1 bacteria which was spread on nutrient agar (NA) medium. The discs (6mm in diameter) impregnated with 30 mL of each compound (240 mg/disc) at the concentration of 8.0 mg/mL and placed on the inoculated agar. DMSO impregnated discs were used as negative control. Sulfisoxazole (300 mg/disc) were used as positive control to determine the sensitivity of one strain/isolate in each microbial species tested.
The inoculated plates were incubated at 37 C for 24 h for bacterial strains isolates. Antimicrobial activity in the disc diffusion assay was evaluated by measuring the zone of inhibition against the test organisms. Each assay in this experiment was repeated twice. Percentage of inhibition was calculated by comparing the distance of the sample to the distance of Sulfisoxazole as standard. 
RESULT AND DISCUSSION
Chemistry
The new benzimidazole-incorporated sulfonamide derivatives were prepared from comercial 1,2-phenylenediamine and chloroacetic acid. Their synthetic routes were outlined in Scheme 1. 
Evaluation of antimicrobial activity
In vitro antibacterial activity of the compounds was screened on bacterial strains, Gram-positive S aureus, E. faecalis, S. typhyimurium and Gram-negative E.coli, K. pneumonia,P.aeruginosa with microdilution method Antibacterial activity data (MIC) were given in Table 1 and 2. The order of antimicrobial activity is 3 < 4a = 4b < 4c. All compounds exhibit higher bacteriostatic activity against all bacteria, Schiff bases (4a-4c) shows more antimicrobial activity against all bacterial strains than the parent aldehyde (3). 4c displays higher antibacterial activity against P. aeruginosa compare to reference drug Sulfioxazole. The compounds were found more potent against Gram-negative than Gram positive bacteria. One more free phenyl group increase the activity in 4c, but one more phenyl ring in 4b does not.
In vitro antifungal activity of the compounds was also tested on fungi C. albicans C. tropicalis and C. krusei. However, our compounds exhibit no antifungal activity against three fungi.
